Based on accurate measurements of distances to nearby galaxies made with Hubble Space Telescope, we determined the radii of the zero-velocity surface: R 0 = 0.96 ± 0.03 Mpc for the Local Group and R 0 = 0.89 ± 0.05 Mpc for the group of galaxies around M 81/M 82. This yields the total masses of the groups to be M T = (1.29 ± 0.14)10 12 M ⊙ and M T = (1.03±0.17)10 12 M ⊙ , respectively. The R 0 -method allowed us to determine the mass ratio of the brightest two members in the considered groups. Based on the minimum scatter of galaxies with respect to the Hubble regression, we derived a mass ratio of 0.8 : 1.0 for the Milky Way and Andromeda, and 0.54 : 1.00 for M 82 and M 81, which is quite close to the ratio of luminosities of these galaxies.
Introduction.
Until recently the use of the virial relation 2T + U = 0 between the kinetic (T ) and potential (U ) energy of a group of galaxies was the only method of calculating the mass of a system of galaxies on scales of (0.1 -1.0) Mpc. However, the uncertainty in membership of some galaxies even in very nearby groups, the possible absence of a supposed virial equilibrium and also the unknown character of predominating motions in groups make virial estimates of the mass not quite reliable tool, especially in the case of loose groups.
As has been noted by Lynden-Bell (1981) , any group as a large concentration of mass, has a decelerating effect on the surrounding Hubble flow. At small distances from the center of a group, the "velocity -distance" relation departs from the linear Hubble law V = H 0 R and crosses the zero-velocity line at a value of R = R 0 which was named "the radius of the zero-velocity surface". According to Lynden-Bell, in the case of spherical symmetry the total mass of the group M T and the radius R 0 are related by a simple equation
where G is the gravity constant and T 0 is the age of the universe. Thus, the determination of the value of R 0 from observational data enables the mass of the group to be computed since the third parameter in (1), the age of the universe, is now known with a sufficiently high accuracy, T 0 = 13.7 ± 0.2 Gyr (Spergel et al. 2003) . These considerations were used by Sandage (1986 Sandage ( , 1987 and Giraud (1990) to estimate the mass of the Local Group. Based on distances and radial velocities of a dozen of nearby galaxies, Sandage (1986) calculated the total mass of the Local Group (LG) to be 4 × 10 11 M ⊙ . At that time, the distances to even the nearest galaxies were measured with low accuracy. For instance, Sandage adopted the following distances: Here we show in brackets the present-day distances of these galaxies derived from luminosities of cepheids or the tip of the red giant branch. Recently, Karachentsev et al. (2002a) have used accurate estimates of distances and radial velocities for the most nearby 38 galaxies in the neighborhood of the LG and obtained a value of the total mass of the group to be (1.3±0.3)10 12 M ⊙ , i.e. three times as high as the Sandage's estimate. This approach was applied later by Karachentsev et al.(2002b) to the determination of R 0 and M T for other nearby groups around M 81, Centaurus A, IC 342, NGC 253 (Sculptor filament), and NGC 4736 (Canes Venatici cloud). The summary of the estimates of the total masses of the groups and their comparison with the virial mass estimates were presented by Karachentsev (2005) . As the comparison showed, in the groups of galaxies with a ""crosing time" T cross < (2H 0 ) −1 the mass estimates from internal (virial) motions and from external Hubble pattern of velocities are in agreement within the measurement errors (∼30-40%). It is evident, however, that the new method deriving the total mass for a group from R 0 needs to be discussed in more detail.
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Observational data and determination of R 0 .
Consider a group of galaxies with the center at "C" (Figure 1a ), which is located from us (LG) at a distance D c and is receding along the line of sight at a velocity V c . Let there be a galaxy G in the vicinity of the group at a distance D g from the observer, which is moving along the line of sight at a velocity V g . At an angular separation Θ between C and G, their mutual linear distance R is
and the mutual velocity difference in projection onto the line between them is
where
Here we assumed that random peculiar velocities of the galaxies are low as compared with the velocities of the regular Hubble flow.
For plotting the relationship between V gc and R we made use of the data on radial velocities and distances of galaxies in the neighborhood of the Milky Way, Andromeda (M 31) and M 81. The basic source of data was the Catalog of Neighboring Galaxies = CNG (Karachentsev et al. 2004 ) complemented by the latest measurements of distances to nearby galaxies. The data used below are collected in Table 1 whose columns contain: (1,2) galaxy number and name; (3, 4) its Galactic coordinates; (5,6) heliocentric radial velocity and its standard measurement error; (7) radial velocity reduced to the centroid of the LG with the apex parameters from NED (NASA Extragalactic Database); (8, 9) measured distance to galaxy and its error (in Mpc); (10) so-called tidal index or index of galaxy isolation
where M k is the mass of a neighboring galaxy located at a distance D ik from the one considered; a constant C is choosen so that the negative values of T I correspond to isolated galaxies of the general field, while the positive values to group members; (11) reference to a source of data on the galaxy distance. We included into this sample only the galaxies with accurate measurements of distances, most of the distances were determined from the tip of the red giant branch (TRGB) with a typical error of ∼10%. Some preliminary distance estimates made in the current surveys of nearby galaxies, which are carried out with ACS at Hubble Space Telescope for the programs of Karachentsev (# 9971, #10235) and Tully (#10210) are designated as Kar05, Kar06 and Tully05, respectively. Our sample contains a total of 133 nearby galaxies. About 35 another galaxies are also known in this volume, but their distances have so far been measured with low accuracy or else radial velocity measurements are absent.
Using the velocities and distances from columns (5,6) of Table 1 , we constructed a Hubble diagram V LG vs. D M W for the nearest 104 galaxies in a sphere of radius 4 Mpc from us. The members of groups with T I > 0 are shown on this diagram (Fig. 2 ) by open circles, while the isolated galaxies with T I < 0 are presented by filled circles. The horizontal and vertical bars at them indicate standard errors of the distance and velocity. The solid line in the figure corresponds to a Hubble regression with a parameter H 0 = 72 km s −1 Mpc −1 bent at small distances because of the gravitation deceleration by the mass of the Local Group. From the family of regressions with the same value of H 0 and different values of M LG (or R 0 ) only one regression is shown for which the sum of squares of deviations of galaxies is a minimum. This regression crosses the zero-velocity line at R 0 = 0.73 Mpc.
As can be seen from this diagram, the dispersion of velocities of galaxies relative to the Hubble regression rises markedly at R = 3 -4 Mpc. This is due to galaxies in groups around M 81 and IC 342/Maffei with high virial motions. Two of them (KDG 63 and KDG 61) have velocities close to zero with respect to the LG centroid. Provided that the Hubble diagram is continued to distances ∼ 15 − 20 Mpc, we again find there galaxies with velocities V LG < 0, which are located in the zone of high virial motions in the Virgo cluster. To elucidate the role played virial motions, we have drawn in Fig. 2 another regression line using the field galaxies only. In the figure it is displaied by a dotted line, and gives a somewhat smaller value, R 0 = 0.69 Mpc.
3 The radius R 0 and the LG centroid position.
As it is known, the Local Group has a binary dumbell-like shape. The Milky Way with its companions and Andromeda (M 31) with its companions are separated by a distance of 0.77 Mpc and approaching one another at a velocity of 123 km s −1 . We consider below to what extent the estimate of the zero velocity radius for the LG depends on the position of its center of mass. We suppose that the center of mass of our group is on the line connecting the Milky Way and Andromeda at an arbitrary relative distance x = D c /D M 31 . For each value of x with a step of 0.05 in the range from 0 (the center resides in the Milky Way) to 1 ( the center coincides with M 31) the galaxy distances and velocities were calculated, using expressions (2) and (3). In each case we constructed a Hubble diagram similar to that shown in Fig.2 and determined the radius R 0 by a χ 2 -criterion. The results are presented in Table 2 . Column 1 indicates the relative position of the center of mass, the second and third columns present the value of the radius R 0 for all galaxies and separately for isolated galaxies. The fourth column displays the dispersion of velocities relative to the Hubble regression, and the last one shows the velocity dispersion after quadratic subtraction of errors, H 0 σ D , caused by the errors of distances. To diminish the contribution of virial motions in the LG and nearby groups, we computed R 0 , σ v and σ vc in the interval of distances from 0.6 to 2.6 Mpc with respect to the LG centroid. The data presented in Table 2 Fig. 3 . The upper panel of the figure exhibits the distribution of the galaxies in velocities and distances relative to the center of masses with indication of errors in measured velocities and distances. The lower panel contains the original numbers of all the galaxies in Table 1 . As one can see from the figure, the position of the radius of the zero-velocity surface is the most sensitive to the velocities and distances of only a few "strategically situated" galaxies: Leo A, WLM, DDO 210, and Sag DIR.
R 0 and tangential motions
We have supposed so far tangential velocities of galaxies to be negligibly small. In order to check the degree this assumption affects the estimate of the radius R 0 , we have performed numerical simulations of the Hubble diagram, adding the tangential component to the radial velocity of each galaxy from Table 1 . The distribution of tangential velocities was assumed to be Gaussian with a mean < V t > and a standard deviation σ(V t ) = 30 km s −1 . The orientation of the tangential velocity vector in positional angle was assigned to be uniformly random. Assuming different positions of the LG centroid, we performed a lot of Monte-Carlo simulations at < V t > = 35 km s −1 and < V t >= 70 km s −1 . The latter value corresponds to the dispersion of radial velocities in the LG and M 81 group. The results of determination of the radius R 0 for 10 series of simulations at D c = 0.55D M 31 are listed in Table 3 . As it follows from these data, the estimates of the radius fluctuate about the mean value R 0 = 0.96 Mpc with a characteristic scatter of 0.03 Mpc.
Returning to the estimate of the LG total mass, we adopt in (1) the age of the universe to be T 0 = 13.7 ± 0.2 Gyr (Spergel et al. 2003) , which leads to an expression
With the indicated error in the estimate of T 0 and the value of the radius of the zerovelocity surface R 0 = (0.96 ± 0.03) Mpc, the total mass of the Local Group is M T (LG) = (1.29 ± 0.14)10 12 M ⊙ . Disregarding the mass of other members of the LG, we obtain the values of the total mass of the two main members of the group:
The radius R 0 for M 81 group
The Hubble diagram for galaxies in the neighborhood of M 81 is presented in Fig. 4 . All the designations here are the same as in Fig. 2 . Velocities and distances are expressed with reference to the group centroid coincided with the brightest member, M 81. The crossing of the Hubble regression with the zero-velocity line gives R 0 = 1.10 Mpc. The regression only for isolated galaxies (dotted curve) results in a somewhat smaller value, R 0 = 1.05 Mpc.
As it is known, a galaxy, second in luminosity in this group, is M 82 whose radial velocity is by 240 km s−1 higher than in M 81. Considering that the center of masses of the group lies on the line connecting M 81 and M 82, we determined the velocities and distances of galaxies with respect to a new center and constructed appropriate Hubble regressions. The results are tabulated in Table 4 . Its first column indicates the relative position of the center between M 81 (x = 0) and M 82 (x = 1), the second and the third columns give values of the radius R 0 derived for all galaxies and for the field galaxies only, the last two columns contain values of the dispersion of velocities with or without taking account of errors in distances of galaxies, H 0 σ D . Estimates of R 0 and σ v were made only over the galaxies situated within R = 0.6 -3.0 Mpc from the group center. Two inferences can be made from the presented data:
a) The dispersion of velocities of galaxies relative to the Hubble regression reaches a minimum at the position of the center of masses at a distance of x = 0.35 ± 0.05 from M 81 toward M 82. A mass ratio of the two galaxies, M M 82 : M M 81 = (0.54 ± 0.12) : 1.00, corresponds to this value. The derived mass ratio is consistent, within the errors, with the ratio of infrared K-luminosities of these galaxies, L M 82 : L M 81 = 0.47 : 1.00, from the data of the 2MASS survey.
b) The same as in the case of the LG neighborhood, the galaxies around the M 81 group demonstrate that the Hubble flow is surprisingly "cold". The dispersion of velocities relative to the Hubble regression at an optimum position ( x = 0.35) of the center of masses of the group is no higher than 30 km s −1 , and with allowance made for measurements errors it drops a few km s −1 .
The Hubble diagram for galaxies around M 81 and M 82 at x = 0.35 is exhibited in Fig. 5 . Its upper panel shows errors of the measured distances and velocities of the galaxies. In the lower panel we indicate the galaxy numbers labeled by in Table 1 . For the determination of the radius R 0 the most crucial are the positions of the galaxies UGC 6456 = VII Zw 403, NGC 4236, KKH 37 and UGC 7242, which makes them attractive targets for application of more refined methods of distance estimation.
To define the role of possible tangential motions, we undertook numerical simulations of the Hubble flow around M 81/M 82 given the same parameters as in the case of the LG. At a mean tangential velocity of the galaxies < V t > = 35 km s −1 , we obtained actually the same position of the center of mass, < x >= 0.35 ± 0.03 and the mean value of the radius < R 0 >= 0.89 ± 0.05 Mpc. The simulations made with < V t >= 70 km s −1 left these parameters almost unchanged but increased their errors: < x >= 0.37 ± 0.05 and < R 0 >= 0.87 ± 0.10 Mpc. Adopting for R 0 the value of 0.89 ± 0.05 Mpc, we obtain an estimate of the total mass of the group M T = (1.03 ± 0.17)10 12 M ⊙ . Then, neglecting the contribution of other members of the group, we derive individual masses M M 81 = 6.7 × 10 11 M ⊙ and M M 82 = 3.6 × 10 11 M ⊙ for the brightest two galaxies.
6
Another application of the R 0 -method.
P.J.E.Peebles (2005) directed our attention to the existence of another approach to estimating the radius of the zero-velocity surface for a group or cluster. Let a galaxy G falls radially on the center of a group C at a velocity V i ( see Fig.1b) . If the center of the group is moving away from us at a velocity V c directed along the line of sight, then the velocity along the line of sight of the galaxy G which is located at an angular separation Θ from the group center will be
The falling velocity of the galaxy is then expressed as
and it is precisely this velocity should be compared with the distance of the galaxy from the group center found from (2) when describing the pattern of motions of galaxies around a massive group. When the angles λ and Θ are small (i.e. the galaxy is located strictly in front or behind the group center), equations (3) and (8) yield an about the same infall velocity toward the group center. Apparently, at angles λ close to 90 • the discrepancy between the two approaches becomes significant. In order to determine the radius R 0 by the new method, we plotted a Hubble diagram for the Local Group and its neighborhood at the position of the center of masses on x = D c /D M 31 =0.55. Using expression (8) and excluding galaxies with cos λ < 0.7, we obtained a value R 0 = 0.92 Mpc (and 0.78 Mpc for field galaxies with T I < 0). The dispersion of velocities relative to the Hubble regression proven to be equal to 29 km s −1 , or 18 km s −1 after taking account of errors in galaxy distances. As one can see, in the case of the LG the differences in the estimates of R 0 and σ v for the two approaches turn out to be small. However, exploring the Hubble flow around the M 81 group by this method, we found considerable discrepancies. At the former of the center of masses, x = 0.35, and with the exclusion of galaxies having cos λ < 0.7, we obtained a significantly larger radius R 0 = 1.31 Mpc (or 1.23 Mpc for the field galaxies). The scatter of galaxies on the Hubble diagram also increased, making σ v = 70 km s −1 and σ vc = 35 km s −1 A direct comparison of the two discussed methods of estimating the radius R 0 is now impeded because of absence of observational data on tangential velocities of galaxies. However, such data may be available in the near future after completion of cosmic projects like SIM (Space Interferometric Mission) described by Peebles et al. (2001) . In the absence of data on space vectors of galaxy velocities these two methods lay actually different emphasis on the properties of the Hubble flow in the vicinity of nearby groups. In the former case we supposed that most of the galaxies under study are not in the "infall zone" but on the asimptotic Hubble relationship (the model of the minor attractor). The latter approach assumes that numerous galaxies being discussed are involved in the infall zone (the model of the major extended attractor). The Hubble diagrams in Fig.3 and 5 sugest the former approach to be preferred.
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Concluding remarks
The measurements of distances of many nearby galaxies accomplished during the last 2-3 years to an accuracy of ∼10% served us an observational basis for determination of the masses of nearby groups not from internal (virial) motions, but from the external Hubble field of velocities around the groups. The application of this method put forward by Lynden-Bell (1981) and Sandage (1986) assume the following conditions to be satisfied: 1) spherically symmetric shape of the group potential well, 2) small random motions of galaxies relative the regular Hubble flow, and 3) sufficiently high number density of test particles (galaxies) for which radial velocities and distances are known with high accuracy. Based on the most recent measurements of distances to galaxies made with Hubble Space Telescope, we determined the radii of the zero-velocity surface: R 0 = 0.96 ± 0.03 Mpc for the LG and R 0 = 0.89 ± 0.05 Mpc for the group of galaxies around M 81/M 82. With the errors indicated, the formal accuracy of estimation of the total mass of the groups by the new method is only ∼15%, which is by about a factor three better than from virial motions. However, the R 0 -method is probably to contain systematic errors which need a special study.
At (Tully, 1987) , which were considered to be typical of poor groups of galaxies. Since more than half of galaxies in the Local volume are members of such groups, this results in a rather low average density of matter in the Local volume.
Random motions of galaxies relative to the regular Hubble flow makes only 15 -25 km s −1 within (1 − 3)R 0 around the LG and 3-28 km s −1 in a similar zone around M 81. The observed "coldness" of the local Hubble flow is independent evidence of low density of the part of matter in the Local volume which concentrates in groups.
It is also interest that the R 0 -method made it possible to determine the mass ratio in the brightest two members of the discussed groups. Based on the minimum scatter of galaxies with respect to the Hubble regression, we derived a mass ratio of 0.8 : 1.0 for the Milky Way and Andromeda, and found a ratio of masses of 0.54 : 1.00 for M 82 and M 81, which is quite close to the ratio of luminosities of these galaxies.
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